airline operation centre, and the crew in the cockpit for appropriate and harmonised reaction 7 and for initiating adequate counteractions to mitigate the consequences of a thunderstorm.
Introduction
indicator for the initiation of thunderstorms. The radar reflectivity and cloud top temperature are often used for the detection of already developed thunderstorm cells. Hence these four parameters 145 are predestinated for the application in Cb-LIKE. 
Fuzzy input sets -Fuzzification

147
The fuzzy input sets developed for the fuzzification step are illustrated in figure 4 (a) -(d).
148
The respective value range of each parameter is depicted on the abscissa whereas the ordinate 149 comprises the membership grade between 0 and 1 in each figure. Three different membership 150 functions named by the linguistic variables "low", "moderate" and "high" are used for each 151 parameter. An outline of the value ranges comprised by all membership functions can be found Omega it will automatically be assigned to the fuzzy set "low". This set indicates rather no storm 164 development and therefore downdrafts are taken into account within the Cb-LIKE algorithm. where x i stands for the virtual score of each fuzzy input set, g i denotes the associated 183 weighting and i moves over all sets combined within a rule, hence n = 4 in our case here.
184
Within this setting of Cb-LIKE all fuzzy input sets are equally weighted (g i = 1). Therefore, the 185 weighted average m can attain values from -1 up to +1 for any of the 81 "if...then" decision rules.
186
Its general conjunction to the fuzzy output sets is illustrated in weighted and assigned decision rules as described before. In Cb-LIKE the Root-Sum-Square
201
(RSS) (e.g. UMOH et al., 2010) approach is applied for this step,
R i is the strength of each decision rule. The "strength" depends on the weakest "if" portion 203 which is the degree of membership of each input parameter to the corresponding fuzzy input 204 set(s). Therefore, R i represents the strengths from 0 up to 1 of the n rules which are linked to 205 the same fuzzy output set (table 3) . Hence this approach enables the best weighted membership 206 grade µ j between 0 and 1 of each fuzzy output set j under the influence of all affected ("firing")
207
rules.
208
For the final calculation of the thunderstorm indicator we used the "Weighted Average Method"
209
(e.g. ROSS, 2010), presented in order to demonstrate the performance of Cb-LIKE. From figures 4 (a) -(d), we see that these input parameters are consequently assigned to the fuzzy 224 input sets "low" and "moderate" for CAPE, Omega and radar reflectivity and to "moderate" comparison to "very high", the averaged value over all fuzzy output sets attains a x-value of 67.1.
238
The third example demonstrates the behaviour of Cb-LIKE when some input parameters 
244
The assigned fuzzy input sets then read "low/moderate" for CAPE, "moderate/high" for
245
Omega and the radar reflectivity and "high/moderate" for the cloud top temperature. Cb-
246
LIKE calculates a rather neutral thunderstorm indicator of 46.1 as illustrated in figure 6 (c)
247
with the membership grades of the five fuzzy output sets of "very low" (0), "low" (0.87),
248
"moderate"(0.64), "high" (0.48), and "very high" (0). runs possess the same number of matches, the latest run will be selected.
320
Grid point comparison. In this case, the selection criterion for the best fitting model run is the 321 highest number of matching grid points between forecast (synthetic radar cell grid points) and 322 observation (grid points occupied by Rad-TRAM objects). This comparison is very strict, as it 323 counts matching grid points only.
324
Object ratio. to O r , also G r is more strict compared to the "classical" grid point method. Since it counts grid 338 points instead of objects this method is the most rigorous one of all the four introduced methods. 
396
Before giving an outline of the "Neighbourhood Verification", the verification scores which • "Hit" -The event was successfully forecasted to occur;
404
• "False alarm" -The event was forecasted to occur but did not occur;
405
• "Miss" -The event occurs but was not forecasted;
406
• "Correct negative" -The event did not occur after a forecast that it would not occur.
407
The usage of these four forecast/observation pairs is a useful way to show the errors caused by a 408 forecasting algorithm. A perfect prognosis would only produce "hits" and "correct negatives".
409
On the basis of 2x2 contingency tables many different verification scores can be calculated 410 which describe different aspects of forecasting quality. Here we introduce four of them.
411
The first one is the "False Alarm Ratio" (FAR). This quantity objects.
422
The forth verification score is the "Critical Success Index" (CSI), 1 with a perfect value of 1. The CSI is sensitive towards "hits" but punishes on the other side
425
"misses" and "false alarms" simultaneously. to the classical box-to-box method, before starting the matching, the forecast fields are blurred 430 by using a certain neighbourhood around the specific grid point to be compared (see figure 12 ).
431
Hence, the observation is matched to the blurred forecast allowing a certain spatial distance 432 between observed and forecasted thunderstorm objects. An object that is correctly forecasted 
440
In the present verification we apply the technique of "Multi-event contingency tables" (see Table 7 (left table) illustrates an increase of the thunderstorm probability for higher indicators. It is only 25 % for 536 an indicator threshold of 20 but rises up to 51 % for an indicator of 50. The growth of the 537 thunderstorm probability for higher indicators is a sensible characteristic due to the fact that 538 higher indicators suggest a state of the atmosphere which is more prone to the development of 539 thunderstorms.
540 Table 7 (right table) 
